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(54) Digital despreading and weighting receiver 

(57) De-spread sections 35A, 35B, and 35C de- 
spread received multipath signals 30 based on time 
data 34A, 34B, and 34C, and output de-spreading sig- 
nals 36A, 36B, and 36C to a weighting circuit 37, 
respectively. The weighting circuit 37 performs a thresh- 
old determination using an absolute value of the de- 
spreading signals 36A, 36B, and 360. When each of the 
de-spreading signals is below a certain threshold value, 
a weighting factor is set to 0. When each of the de- 
spreading signals is more than the threshold value, a 
complex conjugate of phase data of the de-spreading 
signals 36A, 36B, and 36C is used as a weighting factor. 
The de-spreading signals 36A, 36B, and 36C are multi- 
plied by the corresponding weighting factor, respec- 
tively. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001 ] The present invention relates to a digital receiv- 
ing apparatus used in a telephone system for a mobile 
communication and a data communication system for a 
mobile communication. w 

Description of the Related Art 

[0002] The conventional digital receiving apparatus 
will be explained with reference to the drawings. FIG. 1 is 
is a general view of the conventional digital receiving 
apparatus. 

[0003] TTie conventional digital receiving apparatus 
receives a radio signal from an antenna 1 1 , and a quasi- 
synchronism detecting circuit 12 applies a LOCAL fre- 20 
quency to the received radio signal to perform a fre- 
quency conversion. The frequency converted signal is 
input to an AD converter 13 to be converted to a digital 
signal from an analog signal. The A/D converted signal 
is input to a correlation/de-spreading circuit 14, so that 25 
correlation values are obtained and a de-spreading 
process is performed. A RAKE receiver 15 synthesizes 
(adds) output signals of the correlation/de-spreading 
circuit 14 by suitable weighting. A channel decode pro- 
vides a de-interleaving process and a Viterbi decoding 30 
process to an output signal of the RAKE receiver 15 so 
as to obtain data. 

[0004] Next, the correlation/de-spreading circuit 14 
will be explained with reference to FIG. 2. FIG. 2 is a 
block diagram showing a general structure of the corre- 35 
lation/de-spreading circuit 14. 
[0005] Muftipath signals 20 received from an antenna 
(not shown) are input to a matched filter 21. The 
matched filter 21 detects a time correlation of the 
received multipath signals 20, and outputs correlation 40 
values 22 to a selection circuit 23. The selection circuit 
23 selects the upper correlation values up to Nth corre- 
lation value from the obtained correlation values 22, and 
outputs the selected correlation values 24A, 24B, and 
24C to a sleep circuit 25. The sleep circuit 24 compares 45 
the respective selected correlation values 24A, 24B and 
24C with a predetermined threshold value. When the 
respective correlation values are below the threshold 
value, the sleep circuit 24 waits for a certain period time 
and returns. When the respective correlation values are so 
more than the threshold value, the sleep circuit 24 out- 
puts time data 26A, 26B, and 26C without sleeping. 
Time data 26A, 26B and 26C are time data in the mufti- 
path signals of the selected upper correlation values up 
to the Nth value. Due to this, de-spread sections 27A, ss 
27B, and 27C de-spread the received multipath signals 
20 based on time data 26A, 26B, and 26C, and outputs 
RAKE signals 28A, 28B, and 28C. 



[0006] However, in the conventional digital receiving 
apparatus, since the sleep circuit 25 obtains the correla- 
tion values used in comparison after being equalized at 
a certain time interval, time delay occurs. In spite of the 
fact that the de-spread sections 27A to 270 should be 
stopped judging from the state of the present multipath 
signals 20, time data 26A to 26C are output from the 
sleep circuit 25. As a result, there occurs a phenome- 
non in which the de-spread sections 27A to 27C gener- 
ate unnecessary signal components, and a receiving 
performance is deteriorated. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made in con- 
sideration of the above-mentioned problem, and an 
object of the present invention is to provide a digital 
receiving apparatus, which is capable of controlling the 
generation of unnecessary signal components from de- 
spread sections and which is capable of improving a 
receiving performance. 

[0008] In order to attain the above object, according to 
the invention of claim 1, there is provided a digital 
receiving apparatus comprising de-spreading process 
means for providing a de-spreading process to a plural- 
ity of received multipath signals to output de-spreading 
signals; and weighting means for controlling a weighting 
factor multiplying the de-spreading signals based on a 
comparison result between the de-spreading signals 
and a threshold value. 

[0009] According to the above structure, the compari- 
son between the de-spreading signal and the threshold 
value can be made after the de-spreading process. As a 
result when the de-spreading signals are below the 
threshold value, the generation of unnecessary compo- 
nents from the de-spread sections can be controlled, 
and the receiving performance can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

FIG. 1 is a general view of a conventional digital 
receiving apparatus; 

FIG. 2 is a general view of a correlation/de-spread- 
ing circuit in the conventional digital receiving appa- 
ratus; 

FIG. 3 is a general view of a correlation/de-spread- 
ing circuit in the digital receiving apparatus of a first 
embodiment of the present invention; 
FIG. 4 is a general view of a correlation/de-spread- 
ing circuit in the digital receiving apparatus of a sec- 
ond embodiment of the present invention; 
FIG. 5 is a general view of a correlation/de-spread- 
ing circuit in the digital receiving apparatus of a third 
embodiment of the present invention; and 
FIG. 6 is a general view of a correlation/de-spread- 
ing circuit in the digital receiving apparatus of a 
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fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 1 ] Embodiments of the present invention will now 
be described with reference to the accompanying draw- 
ings. 

(First embodiment) 

[001 2] A digital receiving apparatus of the first embod- 
iment comprises a correlation/de-spreading circuit 
shown in FIG. 3 in place of the correlation/de-spreading 
circuit 14 of the conventional digital receiving apparatus 
of FIG. 1. FIG. 3 is a general view of the correlation/de- 
spreading circuit in the digital receiving apparatus of the 
first embodiment of the present invention. As shown in 
FIG. 3, the correlation/de-spreading circuit of this 
embodiment receives multipath signals 30 from an 
antenna (not shown), and inputs the multipath signals 

30 to a matched filter 31 and de-spread sections 35A, 
35B, and 35C to be described later. The matched filter 

31 detects time correlation of the received multipath sig- 
nals 30, and outputs correlation values 32 to a selection 
circuit 33. The selection circuit 33 selects upper correla- 
tion values up to a Nth correlation value from the 
obtained correlation values 32, and outputs time data 
34A, 34B, and 34C to de-spread sections 35A, 35B, and 
35C, respectively. The de-spread sections 35A, 35B, 
and 35C de-spread the received multipath signals 30 
based on time data 34A, 34B, and 34C, and output de- 
spreading signals 36A, 36B, and 36C to a weighting cir- 
cuit 37, respectively. The weighting circuit 37 weights 
the de-spreading signals 36A, 36B, and 36C, and out- 
puts RAKE signals 38A, 38B, and 38C. 

[0013] An operation of the above-structured digital 
receiving apparatus will be described as follows: 
[0014] The matched filter 31 obtains the correlation 
values 32 of the input received multipath signals 30 so 
as to be output to the selection circuit 33. The selection 
circuit 33 selects upper three correlation values having 
high correlation in a certain period of time, and outputs 
the upper three time data 34A, 34B, and 34C having 
high correlation to the de-spread sections 35A, 35B, 
and 35C, respectively. The de-spread sections 35A, 
35B, and 35C de-spread the received multipath signals 
30 based on time data 34A, 34B, and 34C, and output 
de-spreading signals 36A, 36B, and 36C to the weight- 
ing circuit 37, respectively. The weighting circuit 37 per- 
forms a threshold determination using an absolute 
value of the respective de-spreading signals 36A, 36B, 
and 36C. When the respective de-spreading signals are 
below a certain threshold value, a weighting factor is set 
to 0. When the respective de-spreading signals are 
more than the threshold value, a complex conjugate of 
phase data of the de-spreading signals 36A, 36B, and 
36C is used as a weighting factor. The de-spreading 



signals 36 A, 36B, and 36C are multiplied by the corre- 
sponding weighting factor, respectively, and the RAKE 
signals 38A, 38B, and 38C are output, respectively. 
[001 5] Thus, according to the digital receiving appara- 

s tus of the first embodiment, the weighting circuit 37, 
which is provided the output sides of the de-spread sec- 
tions 35A to 35C, performs the threshold determination 
of the absolute value of the respective de-spreading sig- 
nals. Then, when the values are below the threshold 

10 value, the weighting factor is set to 0, so that the output 
of an unnecessary signal can be prevented. As a result, 
unnecessary signal components can be prevented from 
being contained in the RAKE signals 38A, 38B, and 
38C, and the receiving performance can be improved. 

75 

(Second embodiment) 

[0016] Next, the following will describe the second 
embodiment. 

20 [0017] FIG. 4 is a general view of the correlation/de- 
spreading circuit in the digital receiving apparatus of the 
second embodiment of the present invention. In the 
second embodiment, the digital receiving apparatus 
comprises an de-spread section 42 and a weighting cir- 

25 cuit 45 in place of the de-spread sections 35A, 35B, and 
35C and the weighting circuit 37 of the first embodi- 
ment. In FIG. 4, reference numeral 40 denotes multipath 
signals received from an antenna, and reference 
numeral 41 denotes time data of each multipath signal. 

30 [0018] The de-spread section 42 de-spreads the 
received multipath signals 40 based on time data 41, 
and outputs a de-spreading signal 43 to a weighting cir- 
cuit 45. The weighting circuit 45 weights the de-spread- 
ing signal 43, and outputs a RAKE signal 46 on one 

35 hand, and outputs a stop signal 44 to the de-spread 
section 42 on the other. The de-spread section 42 of 
FIG. 2 shows a plurality of de-spread sections concep- 
tually, and the plurality of de-spread sections is actually 
included. For example, as shown in FIG. 1, when three 

40 de-spread sections 35A to 35C are used, three time 
data 41 and three de-spreading signals 43 are used. 
[0019] An operation of the above-structured digital 
receiving apparatus will be described. 
[0020] When the stop signal 44 is in a HIGH level, the 

45 de-spread section 42 de-spreads the multipath signals 
40 based on time data 41 , and outputs the de-spreading 
signal 43. On the other hand, when the stop signal 44 is 
in a LOW level, the operation is stopped to reduce 
power consumption. 

so [0021] The weighting circuit 45 performs the threshold 
determination using the absolute value of the de- 
spreading signal 43. When the de-spreading signal 43 
is below the threshold value, the weighting factor is set 
to 0 and the stop signal 44 is set in the LOW level for a 

55 fixed period of time. On the other hand, when the de- 
spreading signal 43 is more than the threshold value, a 
complex conjugate of phase data of the de-spreading 
signal 43 is used as a weighting factor. The de-spread- 
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ing signal 43 is multiplied by the weighting factor, and a 
RAKE signal 46 is output. At this time, the stop signal 44 
is set in the HIGH level, and is output to the de-spread 
section 42. 

[0022] Thus, according to the second embodiment, 
when the de-spreading signal 43 is below the threshold 
value, the operation of the de-spread section can be 
stopped, so that power consumption can be reduced. 
Also, since the generation of unnecessary signal com- 
ponents from the de-spread section can be controlled, 
the receiving performance can be improved. 

(Third embodiment) 

[0023] The third embodiment of the present invention 
will be described. FIG. 5 is a general view of the corre- 
lation/de-spreading circuit in the digital receiving appa- 
ratus of the third embodiment of the present invention. 
In the third embodiment, the digital receiving apparatus 
comprises an de-spread section 52, a bit limiter 54, and 
a weighting circuit 56 in place of the de-spread sections 
35A, 35B, 35C, and the weighting circuit 37 of FIG. 1 . In 
FIG. 5, reference numeral 50 denotes received multip- 
ath signals from an antenna, and reference numeral 51 
denotes time data of each multipath signal. 
[0024] The de-spread section 52 de-spreads the 
received multipath signals 50 based on time data 51 , 
and outputs an de-spread signal 53 to the bit limiter 54. 
The bit limiter 54 bit limits the de-spreading signal 53, 
and outputs a bit limited de-spreading signal 55 to the 
weighting circuit 56. The weighting circuit 56 weights 
the bit-limited de-spreading signal 55, and outputs a 
RAKE signal 57. The de-spread section 52 of FIG. 3 
shows a plurality of de-spread sections conceptually, 
and the plurality of de-spread sections is actually 
included. For example, as shown in FIG. 1, when three 
de-spread sections 35A to 35C are used, three time 
data 51 and three de-spreading signals 53 are used. 
[0025] An operation of the above-structured digital 
receiving apparatus will be described. The de-spread 
section 52 de-spreads the received multipath signals 50 
based time data 51, and outputs the de-spreading sig- 
nal 53 to the bit limiter 54. The bit limiter 54 limits the 
lower bits of the de-spreading signal 53 based on a pre- 
determined threshold value. The threshold value is a 
criterion of whether or not there is an effective signal to 
be output to a receiving process system of a back stage. 
When the de-spreading signal 53, which is more than 
the threshold value, is input, the signal is output to the 
weighting circuit 56. In the other cases, the output 
becomes 0. 

[0026] In the weighting circuit 56, a complex conjugate 
of phase data of the de-spreading signal 55, which is 
subjected to the bit limitation, is used as a weighting fac- 
tor. Then, the de-spreading signal 55 is multiplied by the 
weighting factor, and a RAKE signal 57 is output. 
[0027] Thus, according to the third embodiment, the 
bit limiter 54 is provided at the input side of the weight- 



ing circuit 56, and the signal is not output to the weight- 
ing circuit 56 when the de-spreading signal 53, which is 
lower than the threshold value, is input. As a result, 
there is no need of the threshold determination in the 
s weighting circuit 56, and the load on the weighting cir- 
cuit 56 can be reduced with a simple structure in which 
only the bit limiter 54 is provided. 

(Fourth embodiment) 

10 

[0028] The fourth embodiment of the present inven- 
tion will be described. FIG. 6 is a general view of the 
correlation/de-spreading circuit in the digital receiving 
apparatus of the fourth embodiment of the present 

15 invention. In the fourth embodiment, the digital receiving 
apparatus comprises an de-spread section 62, a bit lim- 
iter 65, and a weighting circuit 67 in place of the de- 
spread sections 35A, 35B, 35C, and the weighting cir- 
cuit 37 of FIG. 1. In FIG. 6, reference numeral 60 

20 denotes received multipath signals from an antenna, 
and reference numeral 61 denotes time data of each 
multipath signal. 

[0029] The de-spread section 62 de-spreads the 
received multipath signals 60 based on time data 61, 

25 and outputs an de-spread signal 63 to the bit limiter 65. 
The bit limiter 65 bit limits the de-spreading signal 63, 
and outputs a bit limited de-spreading signal 66 to the 
weighting circuit 67. The bit limiter 65 outputs a stop sig- 
nal 64 to be described later to the de-spread section 62. 

30 The weighting circuit 67 weights the bit-limited de- 
spreading signal 66, and outputs a RAKE signal 68. 
[0030] An operation of the above-structured digital 
receiving apparatus will be described. When the stop 
signal 64 is set in a HIGH level, the de-spread section 

35 62 de-spreads the received multipath signals 60 based 
time data 61 , and outputs the de-spreading signal 63 to 
the bit limiter 65. On the other hand, when the stop sig- 
nal 64 is set in a LOW level, the de-spread section 62 
stops the operation to reduce power consumption. 

40 [0031 ] The bit limiter 54 limits the lower bits of the sig- 
nal to generate an underflow with a threshold value. 
When the underflow is generated, the stop signal is set 
in a LOW level for a fixed period of time. At this time, the 
de-spread section 62 stops the operation. When no 

45 underflow is generated, the bit-limited de-spreading sig- 
nal 66 is output to the weighting circuit 67. The thresh- 
old value is a criterion of whether or not there is a signal, 
and a certain bit showing the threshold value is shifted. 
When the de-spreading signal 63 is below the threshold 

so value, the output becomes 0. When the de-spreading 
signal 63 is more than a certain value, the bit-shifted 
value is obtained. Therefore, there is no need of com- 
parison with the threshold value. 
[0032] In the weighting circuit 67, a complex conjugate 

55 of phase data of the de-spreading signal 66, which is 
subjected to the bit limitation, is used as a weighting fac- 
tor. Then, the de-spreading signal 66 is multiplied by the 
weighting factor, and a RAKE signal 68 is output. 
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[0033] Thus, according to the fourth embodiment, the 
bit limiter 65 is provided at the input side of the weight- 
ing circuit 67, and the signal is not output to the weight- 
ing circuit 67 when the de-spreading signal 53, which is 
lower than the threshold value, is generated. As a result, 
there is no need of the threshold determination in the 
weighting circuit 67, and the load on the weighting cir- 
cuit 67 can be reduced with a simple structure in which 
only the bit limiter 65 is provided. 
[0034] Moreover, when the de-spreading signal 63 is 
below the threshold value, the operation of the de- 
spread section can be stopped, so that power consump- 
tion can be reduced. Also, since the generation of 
unnecessary signal components from the de-spread 
section can be controlled, the receiving performance 
can be improved. 

[0035] It is noted that the present invention can be 
applied to a base station apparatus such as a mobile 
radio communication system, a cellular system, and a 
mobile station apparatus. 

Claims 

1 . A digital receiving apparatus comprising: 

de-spreading process means(35A,35B,35C) 
for providing a de-spreading process to a plu- 
rality of received multipath signals to output de- 
spreading signals; and 

weighting means(37) for controlling a weighting 
factor multiplying said de-spreading signals 
based on a comparison result between said de- 
spreading signals and a threshold value. 

2. The digital receiving apparatus according to claim 
1, wherein said weighting means(37) controls to 
stop an operation of said de-spreading process 
means when an output signal of said de-spreading 
process means is below the threshold value. 

3. The digital receiving apparatus according to claim 
1, wherein said weighting means(37) stops outputs 
of said de-spreading signals in a state that 0 is set 
as a weighting factor when said de-spreading sig- 
nals to be input are below the threshold value, and 
multiplies said de-spreading signals by a complex 
conjugate of phase data of said de-spreading sig- 
nals as a weighting factor when said de-spreading 
signals to be input are more than the threshold 
value. 

4. A digital receiving apparatus comprising: 

de-spreading process means(35A,35B,35C) 
for providing a de-spreading process to a plu- 
rality of received multipath signals to output de- 
spreading signals: 

bit limit means(54) for generating an underflow 



so as to limit the passage of lower bits of the 
de-spreading signals when said de-spreading 
signals being below a threshold value are 
input; and 

5 weighting means(37) for multiplying an output 

of said bit limit means by a weighting factor. 

5. The digital receiving apparatus according to claim 
4, wherein said bit limit means(54) comprises 

w underflow detection means for detecting an under- 
flow, and control means for controlling to stop an 
operation of said de-spreading process means 
when said underflow detection means detects the 
underflow. 

15 

6. The digital receiving apparatus according to claim 
4, wherein said weighting means(37) multiplies the 
output of said bit limit means by a complex conju- 
gate of phase data. 

20 

7. A digital receiving apparatus comprising: 

a matched filter(31) for detecting correlation 
values of a plurality of received multipath sig- 

25 nals; 

a selection circuit(33) for selecting upper corre- 
lation values up to an Nth correlation value; 
a plurality of de-spread sections(35A,35B,35C) 
for de-spreading the respective multipath sig- 

30 nals using said selected plurality of correlation 

values; and 

a weighting circuit(37) for weighting de-spread- 
ing signals output from said de-spread sec- 
tions. 

35 

8. A mobile station apparatus, including a mobile sta- 
tion apparatus for receiving and transmitting data 
between a base station apparatus and the mobile 
station apparatus in a mobile radio communication 

40 system, and comprising a digital receiving appara- 
tus according to any one of claims 1 to 7. 

9. A mobile station apparatus, including a base station 
apparatus for receiving and transmitting data 

45 between a mobile station apparatus and the base 
station apparatus in a mobile radio communication 
system, and comprising a digital receiving appara- 
tus according to any one of claims 1 to 7. 

50 



55 
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